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An evolutionarily conserved
complex, the Mediator, is a key
partner of most transcriptional
activators in eukaryotes [1]. Gal11
and ARC105 are Mediator subunits
linking specific transcriptional
activators to the basal transcription
apparatus [2,3]. Gal11 is part of the
proposed “Gal11 module”, in which
it has been suggested to be a
direct target of several activators
[4]. However, the existence of
mammalian Gal11-like proteins has
been debated [5,6]. Here we show
that three families of sequence
segments, corresponding to
amino-terminal fungal/plant Gal11-
like sequences, animal ARC105,
and plant CREB binding protein
(CBP)-like sequences, are
homologous to the KIX-domain of
CBP/p300 co-activators (see
http://mendel.imp.
univie.ac.at/SEQUENCES/GACKIX
for details). These segments are
members of the new GACKIX-
domain superfamily. Sequence
analysis suggests that Gal11- and
ARC105-like proteins are homologs
and have the same function in
Mediator complexes.
The KIX domain of CBP/p300
proteins acts as a docking site for
more than ten distinct families of
transcriptional activators [7,8]. By
analyzing the amino-terminal
region of ARC105 and Gal11, we
found that they belong to a novel
domain superfamily (GACKIX)
including amino-terminal animal
ARC105, fungal/plant Gal11-like,
plant CBP-like and KIX domain
sequence segments (named NT-
GAL11, NT-ARC105, NT-plantCBP
and KIX domains, respectively).
The collection of proteins with NT-
GAL11, NT-ARC105 and NT-
plantCBP domains is described in
the following three paragraphs.
The conserved amino-terminal
domain family in ARC105 proteins
(NT-ARC105) can be collected in
two rounds of a PSI-BLAST
search (inclusion E-value:
E = 0.005) [9] with the first 128
amino acids (AA) of human
ARC105 (accession Q96RN5)
against the non-redundant protein
database (nr) from NCBI. The
putative orthologous amino-
terminal segments in mouse, frog,
fish, fly (round 1, E = 4e-12), and
worm proteins (round 2, E = 0.003)
are retrieved (Figures 1, 2).
The amino-terminal domain of
Gal11-like proteins (NT-GAL11) can
be found in fungal and plant
proteomes (Figure 1 and 2).
Reciprocal BLAST hits of full-
length Candida albicans Gal11
(T18235) and a group of plant
proteins (e.g., BAC56002,
NP_173030) were used to define
the homologous Gal11 protein set.
Consequently, the NT-GAL11
domain was defined in a PSI-
BLAST search with Arabidopsis
thaliana NP_173030 (amino-
terminal 117 AA) against nr, which
collected a group of amino-
terminally located segments in
hypothetical plant proteins and,
then, in C. albicans Gal11
(accession T18235, round 2,
E = 2e-05) and in an E. cuniculi
Gal11 candidate protein (accession
NP_586100, round 4, E = 0.004).
The NT-plantCBP domain is a
conserved ca. 80 AA segment in
the amino termini of plant CBP-
related proteins, collected in a
PSI-BLAST search with the first
165 AA of the A. thaliana CREB
binding protein (accession
NP_187904; Figures 1 and 2).
Typically, searches with
members of the NT-ARC105, NT-
Gal11 and NT-plantCBP domains
are exhaustive within the family. A
few start sequences allow
establishing more distant, but
statistically significant links
between the three newly defined
domains and the KIX domain. For
example, continuation of the PSI-
BLAST search with NT-GAL11
(accession NP_173030) collects
Figure 1.
(A) Domain architecture of proteins with GACKIX domains. Domain boxes: B - bromodomain; P - PHD; T - TAZ zinc finger; Z - ZZ Zinc
finger; yellow: KIX, orange: NT-plantCBP; red: NT-GAL11; purple: NT-ARC105; black thick lines: low complexity regions. At: Ara-
bidopsis thaliana, Ca: Candida albicans, Ce: Caenorhabditis elegans, Ec: Encephalitozoon cuniculi, Hs: Homo sapiens. (B) Ribbon
diagram of the KIX domain of mouse CBP (colored) and the interacting KID region of rat CREB (gray) [7]. The KIX domain consists of
3 α-helices and 2 short 310-helices. Successive helices are shown in dark red, red, orange, green, and blue. The core residues W591,
Y640, Y649 are highly conserved (see Figure 2), located on different helices and stabilize the domain structure. These residues are
shown in the stick mode (in purple). The highly conserved R600 is involved in a buried cation-π interaction with the aromatic ring of
Y640. R600 methylation by CARM1 disrupts KIX–KID binding [8].
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the family of homologous domains
NT-GAL11, NT-ARC105 (beginning
with round 6, E ≤ 0.004), KIX
(round 3, E ≤ 0.005), and NT-
plantCBP (accession NP_187904,
round 6, E ≤ 0.004). The amino-
terminal location of the NT-
plantCBP domain is notable as
the apparent animal orthologs
contain the homologous KIX
domain in the middle portion of
the protein (around residues
500–600, Figure 1). The structural
similarity of NT-ARC105, NT-
GAL11 and NT-plantCBP to the
KIX fold is also demonstrated with
fold prediction techniques (PDB
structure 1kdxA [7]).
We suggest that the amino-
terminal regions of Gal11- and
ARC105-like proteins are
homologous and bind to
transcriptional activators. The two
families have a strikingly similar
domain architecture. In addition to
the conserved amino-terminal
GACKIX domain (:80 AA), both
have a central, highly glutamine-
rich region (400–800 AA) and a
carboxy-terminal region
conserved within each family (:300
AA). Second, both represent
taxonomically exclusive groups.
Third, the carboxy-terminal
regions of both families can be
plausibly aligned. We generated a
position specific scoring matrix
(PSSM) [9] from the carboxy-
terminal 95 AA of NP_173030 and
the corresponding regions in the
homologs of Oryza sativa and
Poncirus trifoliate. In a PSI-BLAST
with this PSSM, several carboxy-
terminal sequences from ARC105
proteins appeared below the level
of significance (E = 0.005)
immediately following the plant
Gal11-like hits.
Notably, Sur2 (human Q9ULK4
and close homologs), which has
been previously suggested as a
Gal11 homolog [6], differs from
Gal11 dramatically in sequence
architecture, as it has neither an
amino-terminal GACKIX domain
nor a central glutamine-rich region.
The alignments reported in [6] are
short compared with the
experimentally determined regions
B (116–255 in yeast Gal11) and A
(866–929 in yeast Gal11) [3], and
the respective segments are
differently located in the Gal11 and
SUR2 families with respect to the
protein termini. Also, there is no
conserved hydrophobic pattern
and the relation is not supported
with rigorous statistical arguments,
for example E-value thresholds.
The KIX domain has been
analyzed as one of several
domains in CBP/p300 that bind
transcriptional regulators. We find
that the apparently homologous
animal ARC105 and fungal/plant
Gal11 proteins contain an amino-
terminal domain related to the KIX
domain. ARC105 and Gal11 are
Mediator components and bind
transcription factors. We suggest
that their amino-terminal domains
can provide a site for binding
specific activators and mediate
recruitment of the basal
transcription machinery to the
respective target genes [1].
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Figure 2.
Multiple sequence alignment of 4 groups of sequences: KIX (yellow), NT-plantCBP (orange), plantal/fungal NT-GAL11 (red) and animal
NT-ARC105 (purple) domain proteins. Conserved residues that stabilize the structure, as discussed in Figure 1 are marked with a tri-
angle. Sequences are indicated with the database accession number followed by the species (see Figure 1 and Mm- Mus musculus,
Os- Oryza sativa). Below the alignment, we show the secondary structure of 1kdxA [7] and a predicted consensus secondary struc-
ture over the aligned sequences.
Current Biology
Q96RN5
Q21955
Hs
Ce
4
1
 SGQETDWRS...TAFRQKLVSQIEDAMRKAG...........VAHSKSSKDMESHVFLKAKTRDEYL...SLVARLIIHFRDIH
 .MSEEDWPS...PKFREHVIQRLEPELARNRQ......NAPNLPVPGDARQVEEYVFAKCMSKDEYM...RTIAKVINAINCNS
70
71
BAC56002
NP_173030
T18235
NP_586100
Os
At
Ca
Ec
31
16
17
1
 ALAGGDWRSQLQSEARNRIVNKIMDTLKKHLP...VSVPEGLNELQKIAVRFEEKIYTAATSQSDYL..RKISLKMLSMETKTQ
 AMDTGDWRTQLPPDSRQKIVNKIMETLKKHLP...FSGPEGINELRRIAARFEEKIFSGALNQTDYL..RKISMKMLTMETKSQ
 SNPNASWRAMYSGEERQKVVQIIINTLTELHG...SNPNFNVQRLSKMAQDFEKLVYERSASKEDYL..RAIKMKVHQLRVQKQ
 .........MLSQEERKQMILKLFVALKESNIFP....GYTPVQIKEAAIRAEQRIYEESGSKEEYL..RGMDERFQRIERVVS
109
94
95
69
NP_565197
NP_187904
At
At
37
29
 GPSRVSPVDNDILKLRQAMRIRIFNILQQKQPSP..ADEASKAKYMDVARRLEEGLFKIANTKEDYVNPSTLEPRLASLIKGRQ
 QPNMVNGISQDTLLLRQEMLNRTYAWLQQRQPSK..TDDASKAKLSEVAKRLESAMWRTATSKEDYLDFRSFDVRVESTLKQLL
118
110
NP_497144
1KDX
Ce
Mm
114
1
 PGTSQPWHSEVPKTDREAVIERISKHIMLHP.....QRFEPIWKIKEDARAAELQIFEAAGSRDEYY..RMVEERAPREQDKAP
 .XVRKGWHEHVTQDLRSHLVHKLVQAIFPTPD.PAALKDRRMENLVAYAKKVEGDMYESANSRDEYY..HLLAEKIYKIQKELE
190
80
Consensus 2D
1KDX
